Background: Despite modern imaging modalities, staging of clinically staged T2N0M0 (cT2N0M0) oesophageal cancer is suboptimal, often leading to overtreatment. Endoscopic resection -the first-line therapy for early localised tumours -could be used to improve staging and to attain predictors of nodal upstaging enabling more stage-guided treatment decisions. Objective: A systematic literature review and a meta-analysis were conducted to assess the prevalence and the pathological risk factors of lymph node metastases in cT2N0M0 oesophageal cancer. Methods: Databases of PUBMED, EMBASE and Cochrane were searched for literature. The primary outcome was lymph node metastases determined after primary surgical resection. Results: Nine studies with a total of 1650 cT2N0M0 patients were included. The prevalence of lymph node metastases was 43% (95% confidence interval: 35-50%) with heterogeneity being high across studies (I 2 ¼ 0.86, p < 0.001). Factors potentially attainable by endoscopic resection and having a significant association with lymph node metastases were invasion depth, differentiation grade, tumour size, depth of invasion in the muscularis propria and lymphovascular invasion. Conclusions: Clinical lymph node staging is inaccurate in almost half of cT2N0M0 oesophageal cancer. Endoscopic resection is a promising diagnostic modality that might even be a valid alternative to surgery in selected patients without high-risk features, but further evidence is warranted.
Introduction
Oesophageal cancer yearly accounts for over half a million new cases worldwide. 1 The incidence of oesophageal adenocarcinoma is rapidly rising in Western countries. 1, 2 Over the last two decades, neoadjuvant chemoradiotherapy has been successfully introduced in the curative treatment of oesophageal cancer leading to significant improvement of survival and quality of life. [3] [4] [5] [6] [7] Five-year overall survival rates have been reported to barely exceed 20-40% after upfront oesophagectomy. 5, 8, 9 Since the publication of the Chemoradiotherapy for Oesophageal Cancer Followed by Surgery Study (CROSS) in 2012, there has been consensus that neoadjuvant therapy followed by oesophagectomy is more beneficial than surgical resection alone for locally advanced resectable oesophageal cancer. 5 For early localised tumours (T1a-1b), endoscopic resection (ER) is considered first-line therapy. 10 The prognosis of oesophageal cancer is much affected by lymph node metastases (LNM) which are associated with poorer survival. 11 The advantage of neoadjuvant therapy is mainly in its potential to induce tumour regression and treat occult micrometastatic disease, improving the resectability rate and survival outcome. [12] [13] [14] Patients with locally advanced tumours (T3-T4) treated with neoadjuvant therapy followed by surgical resection have improved survival compared to surgical resection alone. 5, 7 However, the survival benefit of neoadjuvant chemoradiotherapy for clinically staged T2N0M0 (cT2N0M0) disease is controversial. A recent meta-analysis showed that both treatment strategies were comparable in terms of post-operative complications and long-term survival. 15 Recommendations on the optimal treatment for unselected cT2N0M0 tumours is complicated by suboptimal clinical staging and a small number of included patients with cT2 in randomised controlled trials. 5, [16] [17] [18] Despite early-stage disease, accurate staging is achieved in only 13-40% of cT2N0M0 tumours. 19, 20 Pathological Upstaging (30-50%) mostly due to presence of LNM, and pathological downstaging (20-55%) are common problems. [20] [21] [22] [23] [24] Due to this inaccuracy, there is a tendency to recommend neoadjuvant therapy to patients with cT2N0M0 secondary to the risk of nodal upstaging. Theoretically, this strategy results in overtreatment and considerable morbidity as surgery alone, preferably without lymphadenectomy, or ER would be sufficient in approximately half of patients.
Due to the diagnostic limitations of current imaging modalities to detect LNM, therapeutic ER of unselected cT2N0M0 oesophageal cancer is generally not recommended. However, minimally invasive ER is an effective diagnostic tool providing determination of histopathological tumour characteristics. The supplementary staging information attained by ER combined with the primary findings from imaging might enhance accurate tumour staging of cT2N0M0 cancer. In addition, reliable risk prediction of LNM based on pathological factors determined by ER could enable more stage-guided treatment decisions. After careful histopathological assessment of ER specimens, endoscopic therapy might even be considered an effective therapeutic alternative to surgery in selected cT2N0M0 patients with predicted low risk of LNM. Pathological predictors of nodal upstaging that are attainable by ER are of particular interest to assess the risk of LNM and to determine whether ER suffices as the therapeutic modality in selected patients.
In the last decade, several studies have been performed focusing on histopathological risk factors for LNM. However, the number of these studies in T2 tumours is limited compared to T1 tumours. [25] [26] [27] [28] [29] In this study, we performed a systematic review of the literature and provide an overview of pathological risk factors that are associated with the presence of LNM in cT2N0M0 oesophageal cancer.
Methods

Literature search
The electronic databases of PUBMED, EMBASE and Cochrane were systematically reviewed in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines from 2000 up to December 2017 for possible articles. 30 The review protocol was registered in PROSPERO (registration number: CRD42019127657). A qualified librarian assisted in conducting a comprehensive literature search strategy using the MESH terms '(o)esophagus', 'cancer' and 'lymph nodes' (the full search strategy is presented in the Supplementary Material). Two independent authors (AAK and JH) assessed the resulting studies by title and abstract to determine if the inclusion and exclusion criteria were met. The reference lists of included articles were additionally screened for additional studies.
Inclusion and exclusion criteria
The search was restricted to published human studies written in English. Studies were included if data regarding LNM in chemoradiotherapy-naı¨ve cT2N0M0 patients was reported separately related to pathological variables. Because we were also interested in pathological factors that might be useful in histopathological assessment of ER specimens, we also selected studies with pathologically staged cancer (pT2). Results from pT2 cases are presented separately from cT2 cases. Primary endpoint was pathologically confirmed LNM after surgical resection. Studies were excluded if nodal involvement was not analysed in an association or regression model, and if relevant raw data could not be extracted to calculate the association. Conference abstracts, reviews, letters to the editor and case reports were also excluded. In the case of overlap in patient populations, only the study with the most updated data was selected for inclusion.
Data extraction and quality assessment
Study characteristics that were collected included first author, year of publication, journal of publication, location where the study was performed and time period. To assess the generalisability of included studies, we also extracted study design, study population, inclusion criteria, method(s) of tumour staging and total number of patients included.
Critical appraisal of the studies was done using the Newcastle-Ottawa scale, assessing patient selection methods, comparability of study groups and outcome. 31 Studies with six or more stars (on a scale of 0-8) were considered as good quality research.
Disagreements between the two independent authors concerning the quality of studies or extracted data were resolved after discussion with the senior author (PDS).
Statistical analysis
Proportion meta-analysis was performed on pooled data using a random effects model (MedCalc version 18). Due to suboptimal quality of reporting and heterogeneity of included pathological factors, extraction of the number of patients with LNM related to specific factors was not possible for all included studies. Therefore, a complete data synthesis for predictors of LNM could not be performed. If a factor was reported in more than one study the effect measure was extracted from univariate analysis or raw numbers from a baseline table and was pooled when possible to summarise its predictive effect. For the proportion of patients with LNM a 95% confidence interval (CI) was estimated. In the case of continuous data, the difference between observed means was calculated with a 95% CI. For categorial data the effect size is presented as odds ratio (OR) with a 95% CI.
Results
Study selection
The initial search strategy resulted in 9478 articles, including three additional articles identified through other sources ( Figure 1 ). After exclusion of duplicate publications, 5930 articles were screened, of which 5823 articles were excluded based on title and abstract. The remaining 106 possibly eligible articles were subjected to full-text assessment. Excluded studies included 61 studies without T2 patient population, 33 with insufficient histopathological data and three without full-text available. In total, nine studies were included in the present study.
Study characteristics
All nine studies included in the review were retrospective in design. Of these studies, seven contained data from surgical cohorts of patients with T2 oesophageal cancer and three studies were based on data from national registries. The main characteristics of all studies are outlined in Table 1 . A total of 1855 unique patients with a cT2 or pT2 tumour undergoing primary surgical resection were included ( Table 2) . Two studies combined both cT1N0 and cT2N0 tumours as one group in regression analyses of risk factors. 23, 32 Two explorative studies on the prognostic significance of pT2 tumour invasion depth into the muscularis propria were also selected for review. All studies reported data on upstaging after surgical resection as endpoint. If only upstaging is reported with no further indication on whether it was based on pT or pN category, we specified this in the analysis. Cases treated with neoadjuvant treatment were excluded from the analysis. 
Prevalence of LNM
The identified studies included a total of 1855 patients with T2N0M0 oesophageal cancer (Table 2) , of which there were 1650 patients with cT2N0M0 in seven studies. The reported proportion of LNM varied largely between studies, from 32-76%. Only the cT2N0M0 group was included in the meta-analysis of proportions. Due to the high heterogeneity (I 2 ¼ 0.86, p < 0.001), the random effects model of meta-analysis was preferred. In the pooled proportion of patients, the prevalence of LNM was 43% (95% CI: 35-50%). Figure 2 shows a forest plot of reported and pooled proportions of patients with LNM. By judging proportions from the oldest to the most recent studies, it seems that the clinical staging has improved over time with decreasing proportions of LNM in cT2N0M0.
Clinical staging method
The included studies showed inconsistency in reported clinical staging methods (Table 1 ). Data on staging modalities were not available in the three registry-based studies. [32] [33] [34] Only three studies reported details of clinical staging methods. 23, 35, 36 Quality assessment
All included studies scored fair to good on the Newcastle-Ottawa Scale (Supplementary Material Table 1 ). In four studies comparability could not be assessed because of lacking data. Since the endpoint was pathological LNM at surgery, the follow-up in all studies was assessed to be long enough for the outcome. Clinicopathological variables were retrieved from institutional patient records or database registries. Four studies had pathological upstaging as endpoint, which included pT, as well as pN category upstaging. [32] [33] [34] 37 Predictive factors for LNM Table 3 shows all identified pathological factors in the different studies with the reported or calculated risk of LNM based on univariate analyses. Factors with a significant association in more than one study were also included in a separate table (Supplementary Material  Tables 2-5 ). These factors were tumour differentiation grade (poor vs well), number of resected lymph nodes, depth of invasion into the muscularis propria and pT category (pT2 vs pT1).
Tumour differentiation grade
Three studies analysed tumour differentiation in relation to the risk of LNM. 23, 33, 37 For this review, differentiation was classified as well or poor. All three studies concluded that a poor differentiation was associated with a higher risk of LNM with ORs of 4.8 (95% CI: 1.1-21.4), 5.7 (95% CI: 1.5-21.1), and 8.7 (95% CI: 3.8-19.9), respectively (Supplementary Material Table  2 ). Pooling the data was not possible because in one study the endpoint was pathological upstaging of pT and pN category combined. 37 Another study analysed cT1-cT2 cases as one group, providing no possibility to separate of both categories based on raw numbers. 23
Number of resected lymph nodes
Adequate lymphadenectomy during surgery is crucial to assess the presence of LNM. In two studies the number of resected lymph nodes was included (Supplementary Material Table 4 ). 32, 35 
Depth of invasion in the muscularis propria
Two studies investigated tumour invasion depth into the muscularis propria as risk factor for LNM in pT2 squamous cell carcinoma. 38, 39 Depth of invasion into the muscularis propria was classified as invasion into the outer longitudinal versus the inner circular muscle layer. Both Duan et al. and Guo et al. reported that pT2 tumours invading into the longitudinal layer were at an increased risk for LNM with OR 2.5 (95% CI: 1.0-6.2) and OR 2.5 (95% CI: 1.0-6.0), respectively (Supplementary Material Table 5 ).
Additional risk factors
Some additional risk factors were reported (Table 3) . These factors included tumour size, type of histology, tumour location, tumour length, lymphovascular invasion (LVI) and positive surgical margins. However, because each of these factors was reported in only one study or a significant association was not found in multiple studies, no effect sizes are presented here.
Discussion
The pooled proportion of cT2N0M0 patients with LNM in this meta-analysis was 43%. This finding is generally in line with international multicentre and large population-based studies reporting similar rates for cT2N0M0 cohorts. 19, 32, 34, 40, 41 However, in relatively small cohort studies nodal upstaging rates up to 65% have been reported. 21, 35 The differences in LNM prevalence between studies are most likely due to small sample size and insufficient sensitivity of clinical staging methods used. Although we did not perform a trend analysis, clinical staging accuracy appeared to improve over time. In a recent multicentre study including 499 cT2N0M0 patients treated with primary oesophagectomy, clinical staging accuracy did not improve over a period of 10 years (2002-2012). 41 Our observation might actually be the effect of increased experience with modern imaging modalities, as included patients were from an extended study period . The significant proportion of cT2N0M0 patients with LNM after primary surgical resection (43%) highlights the limitations of current imaging modalities. Despite increased experience with endoscopic ultrasound (EUS) and positron emission tomography-CT, in the era of neoadjuvant therapy, the staging accuracy at this tumour stage is not yet satisfactory. 42 One of the great challenges of current imaging modalities is to detect lymph node micrometastasis. 43 In cT2N0M0 patients treated with neoadjuvant chemoradiotherapy, the observed rate of LNM in the surgical resection specimen also remains remarkably high, ranging from 20-50%. 18, 41, 44 As an explanation, it has been suggested that the discrepancy between the cN and pN category might be explained by tumour progression during the waiting time to surgery which was previously not detected at baseline imaging. 45 However, this seems unlikely as longer waiting times to surgery (>2 weeks) have not been shown to affect the correlation between cN and pN. 45 Despite considerable inconsistency in methodology and reported outcomes of the studies, we identified a number of factors associated with increased risk of LNM. Pathological factors that showed a significant association with LNM in at least one study were: poor differentiation, pT category, larger tumour size, invasion of the longitudinal muscle layer of the muscularis propria, LVI, higher number of examined lymph nodes and positive surgical resection margins. Tumour differentiation grading, depth of invasion, tumour size, depth of invasion in the muscularis propria and LVI are all factors that are easily attainable by ER. Unfortunately, the level and power of evidence is still too low to allow firm treatment recommendations for cT2N0M0 cancer based on reliable clinical risk prediction of nodal upstaging. In the context of a future clinical risk prediction tool, especially variables that can be evaluated in the ER specimens and maybe also in biopsies, such as differentiation grade, pT category, tumour size and LVI, are interesting. In a recent decision analysis model, it was concluded that cT2N0M0 patients with higher tumour grade, tumour size >3 cm or LVI were at an increased risk of upstaging and would gain a survival benefit from neoadjuvant chemoradiotherapy. 46 Another multicentre study came to similar conclusions. 41 The management of cT2N0M0 oesophageal cancer presents clinicians with a dilemma. Current guidelines are ambiguous with regard to advising neoadjuvant therapy for unselected cT2N0M0 tumours. 3, 4 In the CROSS trial of 2012, cT2 tumours made up only 15% of all tumours (26/178) in the neoadjuvant chemoradiotherapy followed by surgery group, making extrapolation of the survival benefit of neoadjuvant treatment to this particular substage questionable. 5 Multiple studies focusing on the benefit of neoadjuvant chemoradiotherapy for patients with cT2N0M0 oesophageal cancer have remained equivocal. Two population-based studies, from the USA and the Netherlands respectively, demonstrated significantly improved overall survival after neoadjuvant therapy in cT2N0M0 staged patients. 19, 33 However, two recent meta-analyses did not show a survival benefit compared to surgery alone. 15, 47 Using the Surveillance Epidemiology and End Results (SEER) database, Song et al. reported that in cT2-T3N0M0 staged patients only T3N0M0 tumours had a survival benefit from neoadjuvant chemoradiotherapy. 48 In a phase III randomised clinical trial by Mariette et al., neoadjuvant chemoradiotherapy did not improve overall survival of stage I/II, oesophageal cancer (n ¼ 110/195 (56%) cT2), but did increase in-hospital postoperative mortality. 17 Besides a potential increase in morbidity and mortality, neoadjuvant treatment is also associated with increased treatment costs. 17, 49 In view of the potential consequences of neoadjuvant therapy and radical surgery as first line treatment in unselected cT2N0M0 cancer, progress in the area of endoscopic interventions for early-staged oesophageal cancer might be of great importance to improve the staging and risk assessment of cT2N0M0 cancer. ER is, in fact, an established curative treatment for cT1 oesophageal adenocarcinoma with low-risk histopathological characteristics in the ER specimen. 10 Further work is required to establish the viability of expanding ER indications for management of cT2N0M0, similar to cT1 cancer. To date, only two small studies have investigated the diagnostic and therapeutic utility of endoscopic mucosal resection (EMR) for cT2N0M0 cancer. In both studies, reassessment of selected EUS-staged cT2N0M0 patients treated by EMR resulted in downstaging of 40-50% of the tumours in which curative ER was also achieved with no major complications. 50, 51 In future investigations, emphasis on high-risk histopathological and/or molecular markers for LNM that could be assessed in the ER specimen is needed to enable stage-guided treatment decisions, i.e. organ-sparing endoscopic treatment versus radical surgical treatment. 52, 53 In this systematic review, we report several candidate predictors for LNM in cT2N0M0 oesophageal cancer that warrant further investigation. However, the present study comes with some considerable limitations. First, the absence of data from randomised trials is a major limitation as retrospective studies are prone to confounding. Second, two studies reported logistic regression for associations with LNM in cT1-2N0M0 cancer. The known number of cT1 patients could be omitted in the meta-analysis but this was not possible when evaluating the risk factors associated with LNM. The addition of early-stage cT1 cases to the more advanced cT2 cases inevitably downstages the group which might have weakened the association analysis. Third, because each study reported different histopathological parameters and endpoints (pN vs pT-pN upstaging), we were not able to perform a comprehensive data synthesis based on pooled data. Finally, only data from univariate analysis was used in order to increase the comparability of the studies. However, the use of multivariate analysis with correction for probable confounding factors is obviously needed to identify independent risk factors for LNM.
In conclusion, clinical lymph node staging remains highly inaccurate in cT2N0M0 oesophageal cancer with almost half of patients being diagnosed with LNM in final pathology. Due to staging inaccuracy, there is a tendency to recommend radical surgery with or without neoadjuvant therapy to these patients. However, this approach is controversial since, on the other hand, more than 50% of patients do not have LNM and/or are downstaged. We hypothesise that minimally invasive endoscopic treatment strategies, such as EMR, offer diagnostic opportunities for improved staging and risk assessment, directing more stage-guided treatment selection. In selected cT2N0M0, with no high-risk features in the ER specimen, ER could likely be considered therapeutic, avoiding overtreatment by radical surgery or neoadjuvant therapy in these patients. However, reliable histopathological predictors for the risk of LNM are vital for an effective endoscopic strategy. Future studies on current topics are therefore recommended.
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